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CIRCUIT FOR PROVIDING CLOCK
SIGNALS WITH LOW SKEW

FIELD OF THE INVENTION

The present mvention relates generally to the field of
digital electronics and circuitry. More particularly, 1t relates
to a circuit for providing clock signals with variable fre-
quency and phase and for transmitting those signals so that
they exhibit a low amount of skew relative to data signals
and other clock signals.

BACKGROUND OF THE INVENTION

Digital electronic systems generally include a number of
component devices such as processors, bus drivers, memory
devices, controllers and programmable logic devices
(PLDs). These devices are generally implemented in inte-
orated circuit chips or modules. Clock signals are used
throughout an electronic system, such as a computer system,
to synchronize communication between the devices as well
as within the devices themselves. At the system level, a
master clock generator provides a primary reference clock
signal at a predetermined operating frequency, which 1is
typically a relatively high frequency.

At both the system and device levels, clock signals of
different frequencies are often needed to meet the I/O
requirements of different devices (or distinct parts of a
device). Clock dividers are therefore commonly used to
frequency divide the reference clock signal into one or more
clock signals operating at a lower frequency. The frequency
division factor 1s typically an integer such as 2, 3, 4, etc. The
frequency-divided clock signals are provided to different
devices throughout the system, and, within each device, a
phase locked loop (PLL) circuit is typically used to generate
an mternal clock signal that 1s synchronized to the external
clock signal. In addition, different phases of a clock signal
may be used for sequencing logic 1n devices, especially
memory devices such as synchronous dynamic random
access memory (SDRAM). In particular, there are generally
three types of clocking protocols: clocking on the rising
edge of the clock signal, clocking on the falling edge of the
clock signal, and clocking on both edges of the clock signal.
Depending on the protocol and/or other clocking
requirements, the phase of a clock signal may need to be set
so that the rising and/or falling edges of the clock signal are
appropriately aligned with respect to data transitions.

Within a system or device, the various clock signals are
typically generated by clock generating frequency synthe-
sizers and then transmitted, along with data, by drivers or
other suitable transmission circuitry. An 1important require-
ment 1in designing a multiple clock system 1s to avoid or
minimize clock skew. Clock skew 1s the phase difference
between two clock signals transmitted to different devices
within a system. These phase offsets occur primarily as a
result of non-uniform propagation delays in the overall
circuitry. When clock skew causes a significant difference 1n
fime between the arrival of a clock signal at devices that are
interfacing with one another, this may lead to errors and
undesirable conditions such as bus contention. As clock
frequencies increase, the skew tolerance, 1.e., the allowable
error margin to account for skew, decreases. Furthermore,
skew 1n the desired alignment between transmitted data and
a clock signal must also be minimized, since discrepancies
in that alignment can lead to errors and/or a loss of data.
Consequently, there 1s a need for an 1mproved program-
mable circuit capable of generating clock signals of varying
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frequency and phase and of transmitting those clock signals,
together with data signals, with a very low amount of skew.

SUMMARY OF THE INVENTION

The present invention relates to a digital, in one embodi-
ment programmable, circuit for providing one or more clock
signals with variable frequency and/or phase, and in which
the clock signals exhibit a low amount of skew relative to
data signals and other clock signals provided by the circuat.
The clock signals may be frequency divided with respect to
an mput reference clock, and the phase of such clock signals
may also be varied to provide a desired alignment with data
signals. Since the mput clock-to output delays are matched
in all possible output paths for the clock and data signals,
skew between the clock and data signals 1s minimized.

In one aspect, the present mnvention provides a circuit
comprising a plurality of channel circuits 1n which each
channel includes a shift register circuit, a flip-tlop circuit,
and a multiplexer circuit. The shift register circuit receives
a plurality of input bit signals in parallel and shifts out a
serial output signal 1n response. The shift register circuit 1s
tricgered by an input clock signal. The flip-flop circuit,
which may be a delay-type flip-tlop circuit, receives the
register output signal at an input thereof and provides a
flip-flop output signal in response. The flip-flop circuit 1s
also triggered by the imput clock signal. The multiplexer
circuit receives the register output signal and the flip-flop
output signal at first and second inputs. The multiplexer
circuit 1s configured, e.g., programmed, to output the signal
at one of the multiplexer 1inputs as a channel output signal.
In one embodiment, the mput clock-to-output delay of the
shift register 1s substantially the same as the mput clock-to-
output delay of the flip-flop circuat.

In one embodiment, at least one channel circuit 1S a
frequency-divided clock channel circuit in which the plu-
rality of parallel mput bit signals received by the shaft
register are fixed digital signals. In this case, the register
output signal and the flip-tlop output signal in that channel
are each clock signals having a frequency that i1s divided
down by a factor of at least two with respect to the 1nput
clock signal. The frequency may also be divided down by a
factor of 3, 4, or any other integer amount. The fixed digital
signals may be programmable to facilitate clock frequency
selection. In one embodiment, in each frequency-divided
clock channel circuit, the shift register 1s triggered by a first
(e.g., rising) edge in the input clock signal and the flip-flop
circuit 1s triggered by a second (e.g. falling) edge in the input
clock signal, so that the register output clock signal and the
flip-flop output clock signal have a phase difference equiva-
lent 1n time to one half cycle of the mput clock signal.

In another embodiment, at least one channel circuit 1s a
data channel circuit 1n which the plurality of parallel input
bit signals received by the shift register are data signals. In
this case the register output signal 1s a serial data signal, and
the multiplexer circuit in each of the data channel circuits 1s
configured to output the serial data signal as the channel
output signal.

In another embodiment, each channel circuit also includes
a delay circuit for receiving the input clock signal and
outputting a delayed version of the input clock signal. In this
embodiment, the multiplexer circuit 1n each channel
includes a third 1input for receiving the delayed version of the
input clock signal. Also 1n this embodiment, the propagation
delay of the input clock in the delay circuit 1s further
matched with the input clock-to-output delay of the shaft
register and the input clock-to-output delay of the flip-flop
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circuit. The delay circuit may also mclude a programmable
polarity selection mput. When the polarity selection mput 1s
in a first state the delayed version of the input clock signal
has substantially the same polarity as the input clock signal,
while when the polarity selection mput is in a second state
the delayed version of the input clock signal has a substan-
tially opposite polarity to the input clock signal. The delay
circuit may comprise a delay multiplexer circuit having a
first input for receiving the polarity selection input, a second
input for receiving a complement of the polarity selection

input, and a selection input for receiving the input clock
signal.

In another aspect, the present invention provides a circuit
for providing a clock signal comprising a shift register
circuit, a thip-tlop circuit, and a multiplexer circuit. The shift
register circuit receives a plurality of fixed clock frequency
select bit signals 1n parallel and shifts out an output clock
signal 1n response. The shift register circuit 1s triggered by
an input clock signal, and the register output clock signal has
a frequency that 1s divided down by a factor of at least two
with respect to the mput clock signal. The flip-flop circuit
receives the register output clock signal at an mput thereot
and provides a tlip-tflop output clock signal 1n response. The
flip-flop circuit 1s triggered by the input clock signal, and the
flip-flop output clock signal has the same frequency as the
register output clock signal. The multiplexer circuit receives
the register output clock signal and the flip-tflop output clock
signal at first and second multiplexer inputs. The multiplexer
circuit 1s configurable to output the signal at one of the
multiplexer inputs as a clock output signal. Optionally, the
circuit may further include a delay circuit for receiving the
input clock signal and outputting a delayed version of the
input clock signal. If so, the multiplexer circuit has a third
input for receiving the delayed version of the mput clock
signal.

The circuit may further mnclude a circuit for providing a
data signal which includes: a second shiit register circuit for
receiving a plurality of data bit signals in parallel and
shifting out a serial data signal 1n response; and a second
multiplexer circuit for receiving the serial data signal at an
input thereof. The second shift register circuit 1s also trig-
ogered by the 1nput clock signal, and the second multiplexer
circuit 1s configured to output the serial data signal. In one
embodiment, the 1nput clock-to-output delay of the second
shift register 1s substantially the same as the input clock-to-
output delay of the first shift register and as the input
clock-to-output delay of the tlip-flop circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

The objects and advantages of the present invention will
be better understood and more readily apparent when con-
sidered 1 conjunction with the following detailed descrip-
fion and accompanying drawings which 1llustrate, by way of
example, embodiments of the invention and 1 which:

FIG. 1 1s a block diagram overview of a circuit with a
plurality of channels for generating and transmitting clock
and data signals 1n accordance with one embodiment of the
present invention;

FIG. 2 1s a circuit diagram of one channel circuit in the
circuit of FIG. 1;

FIG. 3 shows an exemplary implementation of the circuit
of FIG. 1 including one data channel circuit and two clock
channel circuits;

FIG. 4 1s a timing diagram for several signals 1n the circuit
of FIG. 3;

FIG. § 1s circuit diagram of an embodiment of the delay
circuit 1n the channel circuit of FIG. 2; and
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FIG. 6 1llustrates circuitry in one embodiment for match-
ing the clock-to-output delay 1n the shift register circuit,

flip-flop circuit, and delay circuit of the channel circuit in
FIG. 2.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

FIG. 1 1s a block diagram overview of a circuit 10 for
generating and transmitting clock and data signals 1n accor-
dance with one embodiment of the present invention. Circuit
10 includes a plurality of channel circuits 20 each providing
an output serial data or clock signal. In the illustrated
embodiment, a data channel 20-0 (CHANNEL 0) receives a
set of parallel data signals 30 and provides a serial
DATAOUT signal 1n response. The data signals 30 are
typically received from another device or circuit in a digital

clectronic system. In addition, a plurality of clock channels
20-1 to 20-N (CHANNEL 1 to CHANNEL N) each receives

a set of parallel CLK select bits 40-1 to 40-N and provides
a clock output signal CLKOUT1 to CLKOUTN, respec-
tively. As indicated i FIG. 1, the parallel data bits 30
provide an Mg-bit input to channel 20-0, the CLK1 select
bits 40-1 provide an M,-bit input to channel 20-1, and
oenerally the CLKN select bits 40-N provide an M,-bit
input to channel 20-N. The length of the M-bit input to each
channel 20 may be the same or different. It should also be
noted that, depending on the size or amount of data being
transmitted by circuit 10 and on the value of M, 1n channel
20-0, circuit 10 may include additional data channels if
necessary. Each of the channel circuits 20 also receives an
Input CLK signal 50 which acts as the reference or master
clock 1n circuit 10.

In accordance with the present invention, the frequency
and phase of the clock output signals CLKOUT1 to CLK-
OUTN are selectable, preferably programmable, parameters
within circuit 10. Also, as described below, because the
clock-to-output delays 1n all of the possible output paths in
cach channel circuit 20 are effectively matched, skew
between the channel output signals 1s minimized.

FIG. 2 1s a circuit diagram of one channel circuit 20 1n one
embodiment. Each channel circuit includes a parallel-in/
serial-out shift register circuit 100, a tlip-flop circuit 110, a
delay circuit 120, and a multiplexer circuit 130. Shaft
register 100 receives the M-bit parallel input to the channel,
1.€., data bits 30 or CLK select bits 40, at its parallel-in inputs
and the Input CLK signal 50 at a rnising edge-configured
clock trigger 1input. For the purposes of illustration, M=S8 1n
FIG. 2. At each rising edge 1n the Input CLK signal 50, shaft
register 100 shifts out each mput bit 1in a sequential manner,
starting with the least significant bit, to provide a serial
output signal 105. The mputs bits are shifted cyclically so
that bits out of one end are shifted back into the other end.
Note that the arrow i1n shift register 100 symbolically
indicates the direction of shift and extends from the most
significant bit to the least significant bit. Flip-flop 110, which
may be a delay (D-type) flip-flop, receives the shift register
output 105 at a signal 1input and the Input CLK signal 50 at
a falling edge-configured clock trigger input. While shift
register 100 1s rising edge-triggered and flip-tlop 110 1s
falling edge-triggered 1n the embodiment of FIG. 2, 1n an
alternative embodiment shift register 100 may be triggered
by the falling edge of Input CLK signal 150 and flip-flop 110
by the rising edge of signal 150. Delay circuit 120 receives
the Input CLK signal 50 as its input and outputs a delayed,
and optionally polarity reversed, version of the clock signal
50 as signal 125. Thus, delay circuit 120 generally operates
independently of shift register 100 and tlip-flop 110.
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Referring still to FIG. 2, the outputs 105, 115, and 125
from shift register 100, flip-tlop 110, and delay circuit 120,

respectively, are provided as inputs to the multiplexer 130.
In known manner, a MUXADR signal 140 selects the

particular mput to multiplexer 130 that 1s provided as the
multiplexer output signal 135. The output 135 provides the
serial clock or data output signal of the channel 20. Since
multiplexer 130 has three input signals, MUXADR signal
140 1s generally a 2-bit address signal. The MUXADR

signal 140 may be a programmable 2-bit parameter that 1s set
(according to the requirements of each particular channel
circuit 20) when generating a design for a programmable
logic device (PLD), for example.

The clock-to-output delay of a circuit 1s defined as the
time from the triggering of the circuit by a clock signal until
a stable output signal 1s present at the circuit’s output. In
known manner, shift registers are generally formed by a
bank of several tlip-flops, each triggered by the same clock
signal. As a result (and as is described further below in
connection with FIG. 6), the clock-to-output delay for shift
register 100 and 1its output 105 1s closely matched to the
clock-to-output delay of flip-flop 110 and 1its output 1185,
since both are effectively the delay through one flip-flop.
Furthermore, the propagation delay of delay circuit 120—
1.€., the time required for changes in the delay circuit input
to take effect at the delay circuit output—is additionally
designed to match the clock-to-output delay in both shift
register 100 and tlip-tlop 110. Possible circuitry for match-
ing the delays of shift register 100, flip-flop 110, and delay
circuit 120 1s described below 1n connection with FIG. 6.

FIG. 3 1llustrates an exemplary embodiment 200 of circuit
10 that includes one data channel circuit 220-0 and two
clock channel circuits 220-1 and 220-2. A timing diagram
for several signals 1n the circuit 200 1s also shown 1n FIG.
4. Many other implementations of circuit 10 are possible
including, for mstance, a circuit with only two clock chan-
nels or a circuit with only one data channel and one clock
channel.

Referring to FIG. 3, each of the channels 220-0, 220-1,
and 220-2 may include a shift register 100, flip-tlop 110,
delay circuit 120, and multiplexer 130 as described above 1n
connection with FIG. 2. In data channel 220-0, shift register
100-0 receives parallel-in data 230 and outputs a serial data
signal 105-0 at 1ts output by successively shifting out each
input bit upon each rising edge 1n the Input CLK signal 50.
As shown, the address input of multiplexer 130-0 1s con-
figured or programmed to direct signal 105-0 to the multi-
plexer output to provide the necessary DATAOUT signal
from channel 220-0. As shown 1n the timing diagram of FIG.
4, the DATAOUT signal 1s able to change states at each
rising edge of the Input CLK signal 50.

In data channel 220-1, shift register 100-1 receives the
parallel-in CLK1 select bits 240-1 and outputs a ser1al clock
signal 105-1. Again, the shift register output signal 105-1 1s
generated by successively and cyclically shifting out each of
the bits 240-1 1nput to shift register 100-1 upon each rising
edge m the Input CLK signal 50. As a result, where the
sequence 1n the CLKI1 select bits 240-1 1s periodic, signal
105-1 becomes a periodic signal. In the embodiment of FIG.
3, where the eight CLK1 select bits, 01010101, toggle with
cach successive bit, the shift register output signal 105-1 has
a frequency that 1s Y2 that of the Input CLK signal 50 as
shown m FIG. 4. Also, since the least significant CLK1
select bit 1s a 1 1n FIG. 3, the edges of signal 105-1 generally
coincide with the rising edges of Input CLK signal 50
(ignoring delays) as illustrated in FIG. 4. Alternatively, if the
least significant bit input to shift register 100-1 is a O (e.g.,
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if the CLK1 select mnput 1s 10101010), the edges of signal
105-1 coincide with the falling edges 1n Input CLK signal

50, and therefore the polarity of the signal 105-1 is the
reverse ol that shown in FIG. 4.

Within channel 220-1, the clock signal 105-1 1s fed to the
mput of falling-edge trigegered flip-flop 110-1. Thus, the
level of signal 105-1 passes to the tlip-tlop output 115-1
upon cach falling edge in the Input CLK signal 50.
Consequently, signal 115-1 has the same frequency as signal

105- 1, but differs 1n phase by Y cycle of the Input CLK
signal 50, so that signal 115-1 lags signal 105-1 by m/2
radians. In the specific embodiment illustrated 1n FIG. 3,
multiplexer 130-1 1s configured to select signal 115-1 as the
CLKOUT1 signal from channel 220-1, as 1s indicated by the
broken line within multiplexer 130-1. As shown 1n the
timing diagram of FIG. 4, the rising (and falling) edges in
the CLKOUTI signal (signal 115-1) are aligned with the
center point of each data value, 1.¢., the center-point between
possible data transitions. As a result, the CLKOUT1 signal
1s considered to be “center-aligned” with the DATAOUT
signal. In contrast, the rising (and falling) edges in the clock
signal 105-1 are aligned with the edges or data transitions in

DATAOUT, and signal 1035 1s therefore “edge-aligned” with
DATAOUT.

Clock signal 115-1 may, for example, be suitable as the
clock output for a double data rate device that requires
clocking on both rising and falling edges (double-edge
clocking). In other situations, signal 105-1 may be used, and
multiplexer 130-1 may alternatively be configured to select
signal 105-1 as the CLKOUTI1 signal. Also, as will be
appreciated by those skilled in the art, if shift register 100-1
1s mstead triggered by the falling edge of the Input CLK
signal 50 and flip-flop 110-1 1s instead triggered by the rising
edge of signal 50, the wavetforms of signals 105-1 and 115-1
in FIG. 4 will be switched, so that signal 105-1 1s now
center-aligned with DATAOUT and signal 115-1 1s now
edge-aligned with DATAOUT (assuming shift register 100-0

in channel 220-0 remains triggered by the rising edge of
Input CLK signal 50).

Referring still to FIG. 3, a shift register 100-2 1n the
second clock channel 220-2 receives 00110011 as an 8-bit
set of parallel-in CLK1 mput 240-2. Thus, in channel 220-2,
the clock signals 105-2 and 115-2 are % the frequency of the
Input CLK signal 50. As 1n clock channel 220-1, signal
115-2 lags signal 105-2 by % cycle of the Input CLK signal
50 which, 1n channel 220-2, represents a phase difference of
/4 radians. Either of the clock signals 105-2 or 115-2 may
be delivered to a receiving device as CLKOUT?2; and 1n the
illustrated embodiment of FIG. 3, multiplexer 130-3 1is
configured or programmed to deliver signal 105-2 as the
CLKOUT2 signal. The clock signals 105-2 and 115-2 are
also shown 1 FIG. 4.

As 1ndicated above, the configuration of each multiplexer
130 1n circuit 10 may be an available setting 1n a program-
mable device that can be established by design software
(Note that the MUXADR signals are not expressly shown in
FIG. 3 for multiplexers 130-0, 130-1, and 130-2.) The CLK
select bits 240 may be similarly programmed 1n each chan-
nel circuit for which a frequency-divided clock will be
output. Furthermore, although flip-flop 110 1s not used 1in
data channel circuits 220-0 and 220-2 and although delay
circuit 120 1s not used 1n any of the channel circuits 1n the
embodiment 200 of FIG. 3, in one embodiment, each
channel circuit includes all of the circuit elements shown 1n
FIG. 2. In known manner, by providing a number of
identical, standardized channel circuits, the present inven-
fion permits a circuit designer to subsequently have much
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orcater flexibility in terms of how each channel circuit is
used—i.e., whether a channel will output a clock or a data
signal and, in the case of a clock output signal, what its
frequency and phase will be. However, it will also be
appreciated that the channel circuits may differ and,
optionally, include only the circuit elements necessary for
providing the desired channel output.

FIGS. 3 and 4 illustrate how circuit 10 can be used to
ogenerate clock signals with the Input CLK signal 50 fre-
quency divided by a factor of 2 and a factor of 4. More
ogenerally, the CLK select bits 240 mput to the shift register
in each clock channel circuit may be used to generate other
divided-down frequency factors such as 3, 5, 6, and 8. Note
that 1f a clock channel output CLKOUT 1s to have the same
frequency as the Input CLK signal 50, multiplexer 130 1is
configured to select the output of delay circuit 120 as the
channel output. Table I shows a number of CLK select bit
input sequences that may be used to generate different
divided-down clock output frequencies. The number M of
CLK select bits in each clock channel can also vary as
needed (or desired), simply by configuring the shift register
to receive that number of inputs. Possible bit lengths are
shown 1n Table I, but these are not restrictive. Thus, for
example, in clock channel circuit 20-1 in FIG. 3, two (e.g.,
01) or four (e.g., 0101) clock select bits could alternatively
ve used 1nstead of the eight bits shown. Furthermore, as will
be appreciated by those skilled 1n the art, the duty cycle of
the clock output signals may vary depending on the fre-
quency division factor. In particular, a 50% duty cyc:le 1S
ogenerally not realizable where frequency division 1s by an
odd number 1n a channel circuit 20.

TABLE 1
Frequency
CLK Select bits M (bit length) Division Factor Duty Cycle

01010101 8 2 50%
011011 0 3 6653%
001001 6 3 3313%
00110011 8 4 50%
01110111 8 4 75%
00010001 8 4 25%
0011100111 10 5 60%
0001100011 10 5 40%
000111 6 6 50%
00001111 8 8 50%

As already indicated, where 1t 1s desired for a clock
channel output CLKOUT to have the same frequency as the
Input CLK signal 50, multiplexer 130 1s configured to select
the delay circuit output signal 125 as the channel output.
Although 1n the 1llustrated embodiment, all channel circuits
20 include a shift register 100 and flip-flop 110 as circuit
clements to increase programmable design flexibility, in
same frequency clock channels those circuit elements gen-
erally remain unused, and instead the CLKOUT signal 1s
generated by delay circuit 120. FIG. § 1s a circuit diagram of
a possible embodiment of delay circuit 120 in channel
circuit 20.

Referring to FIG. 5, delay circuit 120 includes a two-1nput
multiplexer 300 that uses the Input CLK signal 50 to provide
the 1-bit address for input selection. The signal inputs to
multiplexer 300 are a bit signal R1 and i1ts complement/R1,
as generated by an mverter 310. The value of R1, 1 or 0, may
be a programmable setting, within each channel of circuit
10, that can be set 1n a user design step. By selecting either
R1=1 or R1=0, the output 320 of multiplexer 300 has either

the same polarity as or the opposite polarity to the Input
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CLK signal 50. It will be appreciated that, since the propa-
cgation delay in multiplexer circuit 130 1s small in compari-
son to the period of the Input CLK signal 50 a “same”
polarity in this context means that the output 320 is sub-
stantially 1n phase with Input CLK signal 50 and an “oppo-
site” polarity 1n this context means that the output 320 is
substantially m radians out of phase with the Input CLK
signal. Also, 1t should be noted that whether the same
polarity setting corresponds to R1=0 or to R1=1 will depend
on the configuration of multiplexer 300 1n terms of which of
R1 and /R1 1s passed to the multiplexer output 320, followed
by an mverter 330, when Input CLK signal 50 1s high.
Consequently, the setting of R1 conveniently determines the

polarity of the clock signal 125 output by delay circuit 120.

FIG. 6 illustrates circuitry in one embodiment for ensur-
ing that the clock-to-output delays 1n each of circuits 100,

110, and 120 are matched. FIG. 6 shows the delay circuit
120, tlip-flop circuit 110, and the Mth register 400-M 1n shift
register circuit 100. The other registers 1n shift register 100
may be similarly constructed, and the input to register
400-M i1s the output of the previous register 400-(M-1).
Register 400-M shifts out the least significant bit to provide
the shift register output 105. As noted above, each register
circuit 400 1s generally a tlip-flop circuit, and therefore
register circuit 400-M and tlip-flop circuit 110 are 1dentically
constructed. More particularly, the register and flip-flop
circuits in FIG. 6 are constructed from two pairs of cross-
coupled 1nverters as 1s well known. Specifically, as shown,
the mput to register 400-M 1s provided to the 0 address input
of a multiplexer 410 having the Input CLK signal 50 as the
address selection input. The output of multiplexer 410 1s
provided to an inverter 420, the output of which 1s provided
to the input of a cross coupled mverter 430 and to the 1
address 1nput of a second multiplexer 440. The output of
inverter 430 1s fed back to the 1 address of multiplexer 410.
Similarly, the output of multiplexer 440 1s provided to an
inverter 450 which then provides the shift register output
105. The output of 1inverter 450 1s also provided to the input
of a cross coupled inverter 460, and the output of inverter
460 1s provided to the O mput of multiplexer 440. Thus upon
the falling edge of the Input CLK signal 50, and more
generally the output from the previous register 400-(M-1) is
clocked via multiplexer 410 and inverter 420 to multiplexer
440. Upon the rising edge of clock 50, multiplexer 440
passes that signal via mverter 450 to output 105. In known
manner, when the Input CLK signal 50 1s high, cross
coupled inverters 420 and 430 keep the mnput at multiplexer
440 latched to 1ts current level, and similarly cross coupled
inverters 450 and 460 keep the shift register output 105
latched to 1ts current level when signal 50 1s low. Register
400-M thus clocks out the data or CLK select bits upon each

rising edge 1n the Input CLK signal 50.

As shown 1n FIG. 6, flip-flop circuit 110 includes two
multiplexers 510 and 540 and fours inverters 520, 530, 550,
and 560. The operation of tlip-flop circuit 110 1s the same as
that for register 400-M described above, except that the flip
flop input (shift register output 105) is clocked out as signal
115 upon the falling edge of the Input CLK signal 50. Delay
circuit 120 includes a multiplexer 300, and mverters 310 and
330 substantially as shown i1n FIG. 5, but also includes
another mverter 305 which provides the R1 signal from a
programmable RAM 302. Inverter 335 acts as a load of
iverter 330 and atfects the switching speed of inverter 330.

As shown by the letter designations 1n FIG. 6, inverters

420, 520, 305, and 310 are matched, multiplexers 440, 540,
and 300 are matched, mverters 450, 550, and 330 are
matched, and inverters 460, 560 and 335 are matched. As a
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result, the clock-to-output delay 1n register 400-M, flip-flop
circuit 110, and delay circuit 120 1s generally the same for
various process, temperature, and supply voltage conditions.
The effect of mverters 430 and 530 on the clock-to-output
delay 1s small compared to inverters 420, 520, 310, and 3085,
and therefore 1t 1s not critical that inverters 430 and 530 be
exactly matched to the other “A”-sized inverters 420, 520,
310, and 305. Of course, all of the 1nverters used should be

fast enough to accommodate the required frequency. It will
be appreciated that the circuit architecture illustrated in FIG.
6 1s only one possible implementation for achieving delay-
matching, and numerous other configurations may alterna-
fively be used.

While the mvention has been described 1n conjunction
with specific embodiments, 1t 1s evident that numerous
alternatives, modifications, and variations will be apparent
to those skilled in the art in light of the foregoing descrip-
fion.

What 1s claimed 1s:

1. A circuit comprising a plurality of channel circuits,
cach channel circuit including:

a shift register circuit for receiving a plurality of input bit
signals 1 parallel and shifting out a serial register
output signal 1n response, the shift register circuit being
triggered by an input clock signal;

a flip-flop circuit for receiving the register output signal at
an 1nput thereotf and providing a tlip-tflop output signal
in response, the flip-flop circuit being triggered by the
input clock signal; and

a multiplexer circuit for receiving the register output
signal and the flip-flop output signal at first and second
inputs thereof, the multiplexer circuit being config-
urable to output the signal at one of the multiplexer
inputs as a channel output signal.

2. The circuit of claim 1 wherein an 1nput clock-to-output
delay of the shift register 1s substantially the same as an
input clock-to-output delay of the flip-flop circuat.

3. The circuit of claim 1 wherein at least one channel
circuit 1s a frequency-divided clock channel circuit 1n which
the plurality of parallel input bit signals received by the shift
register are fixed digital signals such that the register output
signal and the flip-flop output signal in said channel are each
clock signals having a frequency that 1s divided down by a
factor of at least two with respect to the mput clock signal.

4. The circuit of claim 3 wherein, 1n each of the at least
one frequency-divided clock channel circuits, the shift reg-
ister 1s trigeered by a first edge 1n the 1nput clock signal and
the tlip-flop circuit 1s triggered by a second edge 1n the 1input
clock signal, such that the register output clock Slgnal and
the flip-flop output clock signal have a phase difference
equivalent in time to one half cycle of the mput clock signal.

S. The circuit of claim 4 wherein, 1n each of the at least
one frequency-divided clock channel circuits, the first edge
in the input clock signal 1s a rising edge and the second edge
in the mput clock signal 1s a falling edge.

6. The circuit of claim 3 wherein, 1n one frequency-
divided clock channel circuit, the parallel input bit signals
comprise an even number sequence of alternating digital
ones and zeros such that the frequency of the serial register
output signal and of the flip-flop output signal 1s one half that
of the mput clock signal.

7. The circuit of claim 3 wherein, 1n each of the at least
one frequency-divided clock channel circuits, the parallel
input bit signals are programmable settings.

8. The circuit of claim 3 wherein at least one channel
circuit 1s a data channel circuit in which the plurality of
parallel mnput bit signals received by the shift register are
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data signals such that the register output signal 1s a serial
data signal, the multiplexer circuit in each of the at least one
data channel circuits being configured to output the serial
data signal as the channel output signal.

9. The circuit of claim 1 wherein the flip-flop circuit 1n
cach channel circuit 1s a delay type tlip-flop circuait.

10. The circuit of claam 1 wherein the shift register
circuits 1n the channel circuits all receive the same number

of parallel input bit signals.
11. The circuit of claim 1 wherein, 1n each channel circuat,

the multiplexer circuit includes a programmable setting for
configuring the multiplexer circuit to output the signal at a
desired one of the multiplexer mputs as the channel output
signal.

12. A circuit comprising a plurality of channel circuits,

cach channel circuit comprising:

a shift register circuit for receiving a plurality of 1input bit
signals 1n parallel and shifting out a serial register
output signal in response, the shift register circuit being
triggered by an 1nput clock signal;

a tlip-tlop circuit for receiving the register output signal at
an 1nput thereof and providing a tlip-tflop output signal
in response, the flip-tlop circuit being triggered by the
input clock signal;

a delay circuit for receiving the mput clock signal and
outputting a delayed version of the mput clock signal;
and

a multiplexer circuit for receiving the register output
signal, the flip-flop output signal and the delayed ver-

sion of the mput clock signal at first, second and third
inputs thereof, the multiplexer circuit being config-

urable to output the signal at one of the first, second and
third multiplexer inputs as a channel output signal.

13. The circuit of claim 12 wheremn an input clock-to-
output delay of the shift register 1s substantially the same as
an 1nput clock-to-output delay of the flip-flop circuit and as
a propagation delay of the input clock in the delay circuit.

14. The circuit of claim 12 wherein at least one channel
circuit 1s a frequency-divided clock channel circuit 1n which
the plurality of parallel input bit signals received by the shaft
register are fixed digital signals such that the serial register
output signal and the flip-flop output signal 1n said channel
are each clock signals having a frequency that 1s divided
down by a factor of at least two with respect to the input
clock signal.

15. The circuit of claim 14 wherein, 1n each of the at least
one frequency-divided clock channel circuits, the shift reg-
ister 1s triggered by a first edge 1n the 1nput clock signal and
the tlip-tlop circuit 1s triggered by a second edge 1n the 1nput
clock signal, such that the register output clock Slgnal and
the tlip-flop output clock signal have a phase difference
cquivalent 1n time to one half cycle of the mput clock signal.

16. The circuit of claim 12 wherein at least one channel
circuit 1s a data channel circuit in which the plurality of
parallel mnput bit signals received by the shift register are
data signals such that the serial register output signal 1s a
serial data signal, the multiplexer circuit 1n each of the at
least one data channel circuits being configured to output the
serial data signal as the channel output signal.

17. The circuit of claim 12 wherein at least one channel
circuit 1s a same-frequency clock channel circuit, the mul-
tiplexer circuit in each of the at least one same-frequency
clock channel circuits being configured to output the delayed
version of the mput clock signal as the channel output signal.

18. The circuit of claim 12 wherein at least one channel
circuit 1s programmably conifigurable to provide one of:

a frequency-divided clock channel circuit in which the
plurality of parallel input bit signals received by the
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shift register are fixed digital signals such that the serial
register output signal and the tlip-flop output signal 1n
said channel circuit are each clock signals having a
frequency that 1s divided down by a factor of at least
two with respect to the mput clock signal; and

a same-frequency clock channel circuit, in which the
multiplexer circuit in said channel circuit 1s configured
to output the delayed version of the 1nput clock signal
as the channel output signal.

19. The circuit of claim 12 wheremn, mn each channel
circuit, the delay circuit includes a programmable polarity
selection 1mnput, wherein when the polarity selection input 1s
in a first state the delayed version of the input clock signal
has substantially the same polarity as the mput clock signal
and when the polarity selection input 1s 1n a second state the
delayed version of the input clock signal has a substantially
opposite polarity to the mput clock signal.

20. The circuit of claim 19 wherein, in each channel
circuit, the delay circuit comprises a delay multiplexer
circuit having a first input for receiving the polarity selection
input, a second mput for receiving a complement of the
polarity selection 1nput, and a selection input for receiving,
the 1nput clock signal.

21. The circuit of claim 12 wherein, mn each channel
circuit, the multiplexer circuit includes a programmable
setting for configuring the multiplexer circuit to output the
signal at a desired one of the multiplexer inputs as the
channel output signal.

22. A circuit for providing a clock signal comprising:

a shift register circuit for receiving a plurality of fixed
clock frequency select bit signals 1n parallel and shaft-
ing out a register output clock signal in response, the
shift register circuit being trigeered by an 1nput clock
signal such that the register output clock signal has a
frequency that 1s divided down by a factor of at least
two with respect to the mput clock signal;

a flip-tlop circuit for receiving the register output clock
signal at an mnput thereof and providing a flip-flop
output clock signal in response, the flip-flop circuit
being triggered by the input clock signal and the
flip-flop output clock signal having the same frequency
as the register output clock signal; and

a multiplexer circuit for receiving the register output c
lock signal and the flip-flop output clock signal at first
and second multiplexer inputs thereof, the multiplexer
circuit being configurable to output the signal at one of

the multiplexer mputs as a clock output signal.
23. The circuit of claim 22 wherein the shift register 1s
tricgered by a first edge 1n the nput clock signal and the
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flip-flop circuit 1s triggered by a second edge in the i1nput
clock signal, such that the register output clock signal and
the flip-flop output clock signal have a phase difference
equivalent in time to one half cycle of the input clock signal.

24. The circuit of claim 22 further comprising a circuit for
providing a data signal including;:

a second shift register circuit for receiving a plurality of
data bit signals 1n parallel and shifting out a serial data

signal 1n response, the second shift register circuit
being triggered by the mput clock signal, and

a second multiplexer circuit for receiving the serial data
signal at an input thereof and being configured to
output the serial data signal.

25. The circuit of claim 24 wherein an 1nput clock-to-
output delay of the second shift register 1s substantially the
same as an input clock-to-output delay of the first shaft
register and as an mput clock-to-output delay of the tlip-flop
circuit.

26. The circuit of claim 22 wherein the clock frequency
select bit signals are programmable settings.

27. The circuit of claim 22 wherein the multiplexer circuit
includes a programmable setting for configuring the multi-
plexer circuit to output the signal at a desired one of the
multiplexer inputs as the clock output signal.

28. The circuit of claim 22 further comprising a delay
circuit for receiving the mput clock signal and outputting a
delayed version of the mnput clock signal, and wherein the
multiplexer circuit has a third mnput for receiving the delayed
version of the input clock signal.

29. The circuit of claim 28 wherein an 1nput clock-to-
output delay of the shift register circuit 1s substantially the
same as an input clock-to-output delay of the flip-tlop circuit
and as a propagation delay of the input clock in the delay
circuit.

30. The circuit of claim 29 wherein the delay circuit
includes a programmable polarity selection input, wherein
when the polarity selection input 1s 1n a first state the delayed
version of the mput clock signal has substantially the same
polarity as the input clock signal and when the polarity
selection mput 1s 1n a second state the delayed version of the
input clock signal has a substantially opposite polarity to the
mput clock signal.

31. The circuit of claim 30 wherein the delay circuit
comprises a delay multiplexer circuit having a first input for
receiving the polarity selection input, a second input for
receiving a complement of the polarity selection input, and
a selection 1put for receiving the mput clock signal.
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